Dam assessment under a specific earthquake event is one of the most important approaches to dam evaluation. The assessments are usually performed by running two different models of seismic loads: spectral acceleration and acceleration time histories. The first model is implemented using seismic load information developed from a national code. The second approach is implemented using earthquake scenarios by conducting acceleration time histories. The National Center for Earthquake Studies 2017 suggested that a shallow crustal fault and subduction are the two most dangerous seismic sources of Yogyakarta Province. This paper presents an evaluation of Sermo dam in terms of dam displacement and peak ground acceleration (PGA) under the Java subduction source earthquake scenarios. The evaluation was performed by conducting twocomponent (north-south and east-west directions) acceleration time histories from Java subduction seismic sources. Due to incomplete data, all acceleration time histories used in this study were collected and modified from worldwide earthquake data bases. Based on the average displacement and PGA values it can be predicted that Sermo dam is strong enough to resist an earthquake with a maximum magnitude of 8.4 Mw and minimum epicentre distance of approximately 160 Km caused by the Java subduction source.
Introduction
Sermo dam is a typical rockfill-embankment vertical zone dam with an impermeable clay zone located in the centre of the dam body. This impermeable clay zone is located at the core zone of the whole body of the dam structure. Basically, the whole body of Sermo dam structure can be separated into four different zones: the core zone in the centre, a shell zone covered with rockfill rip-rap at the outer part, a transition zone, and a filter zone between two core and shell zones. Based on information from the Department of Public Works (1994), this dam is 52.6 meters high and 160 meters long. Sermo dam was constructed between March 1994 and February 1996. The dam structure is located at 110. Sermo dam is located close to the south Java megathrust subduction source. Based on the location of Sermo dam, the closest distance to Java subduction trace is approximately 265 Km. Figure 1 shows the location of Sermo dam and its position in relation to Java subduction sources. Figure 2 shows a cross-section of Sermo dam at station 12 (Department of Public Works, 1994).
Due to its position, this dam structure is located close to dangerous seismic sources. Evaluation of the dam safety in terms of dam stability and peak ground acceleration (PGA) under seismic force is one of the most important processes for dam mitigation. This paper describes the stability evaluation of Sermo dam under south Java subduction earthquake scenarios. The analysis was performed by conducting two-component acceleration time histories [north-south (NS) and east-west (EW) directions] under four subduction source earthquake event scenarios acting as a seismic load on the dam structure. Due to incomplete data related to the acceleration time histories from the Java subduction source, all acceleration time histories used in this study were collected from international ground motion databases. All acceleration time histories cannot be used directly for dam stability analysis. All acceleration time histories should be matched with the seismic mechanism of the Java subduction source. Sermo dam is a typical rockfill-embankment dam and was constructed on a bedrock (volcanic breccias intercalated with andesite lava formation) elevation. The main dam body can be separated into four different zones, namely the shell, filter, transition, and core zones. All information related to the soil and rock properties was collected from the Department of Public Works (1994). Table 1 describes all soil and rock properties used in the analysis. All information related to the position of each zone can be seen in Figure 2 . Two parameters used for the propagation and dynamic analysis of Sermo dam are the primary wave velocity (Vp) and the shear wave velocity (Vs) and are developed based on [1] . 
Modification of acceleration time histories
New Indonesian seismic hazard maps were already developed by [2] in 2017. The most important information related to the development of all the maps is the maximum magnitude of all seismic sources within the whole area of Indonesia, which can be used for building and infrastructure design and evaluations. Based on the information developed by [2] , the maximum magnitude that can be used for engineering design and evaluation related to Java subduction earthquake scenarios is 8.5 Mw. All acceleration time histories used in this study for stability analysis of Sermo dam were collected for a subduction megathrust earthquake mechanism with a magnitude of 7.9 to 8.4 Mw and epicentre distance of 167.7 to 394 Km. Due to incomplete data related to the magnitude and distance of every earthquake event, all acceleration time histories used in this study were collected with magnitude and distance close to the engineering requirements for Java subduction sources. Table 2 shows all of the information related to the seismic magnitude and epicentre distance of all seismic events used in this study. All subduction acceleration time history data were collected from the Center for Engineering Strong Motion Data (CESMD). Figure 3(a) shows the original twocomponent acceleration time histories for the NS and EW directions of South Sumatera earthquake. Figure 3(b) shows the original two-component acceleration time histories for the NS and EW directions of Mentawai earthquake.
All acceleration time histories collected from external earthquake events for dam analysis should be modified to obtain matched acceleration time histories under the earthquake scenarios caused by the Java subduction megathrust. To perform the matching analysis, a set of spectral acceleration targets was developed using deterministic hazard analysis and conducting three ground motion prediction equations (GMPE). Three equations proposed by [3] [4] [5] were conducted in this study for the Java subduction earthquake scenarios. Response spectral matching analysis was performed to obtain modified (matched) acceleration time histories. The spectral matching analysis was implemented following the same methods as conducted by [6] . Figures 4(a) and 4(b) show two examples of spectral acceleration targets for the South Sumatera and Mentawai earthquakes respectively. Figures 5(a) and 5(b) are two examples of matched acceleration time histories for South Sumatera and Mentawai earthquakes developed from the response spectral matching analysis. 
Stability analysis of Sermo dam
The stability analysis of Sermo dam was conducted using a 2D model to find the maximum displacement and PGA of the dam embankment due to a combination of dead, hydrostatic, and earthquake loads. The earthquake loading was performed by conducting acceleration time histories for different earthquake events. Total displacement was calculated based on two direction displacements, vertical and horizontal. PGA values developed from propagation analysis were also investigated at the core zone to find the information on the PGA profile from the bedrock elevation to the top dam elevation. The displacement and PGA values were investigated at six positions of the core zone. Figure 6 shows the positions of six points (A, B, C, D, E, and F) for measuring the displacement and PGA outputs. Figure 7(a) shows the total displacement of the dam under the South Sumatera earthquake scenario. Figure 7(b) shows the PGA profile of Sermo dam under the South Sumatera earthquake scenario. 
Results and discussion
Stability analysis of Sermo dam was conducted in two steps. The first evaluation was conducted without seismic load and the next evaluation was performed by applying four different seismic scenarios. The purpose of this two-step evaluation was to obtain the sensitivity results of seismic loads compared with the real condition of Sermo dam without any seismic loads. The investigation was performed at six positions of the core zone. The average displacements under all five scenario loads at points A, B, C, D, E, and F are 0.5324 m, 0.5274 m, 0.4756 m, 0.3742 m, 0.2416 m, and 0.097 m respectively. The average safety factor calculated using all seismic loads is 1.4508; however, the safety factor for the non-seismic load condition is 1.51. Based on the results of the stability analysis calculated with and without seismic loads, it can be seen that the total displacements of Sermo dam are almost equal. and PGA values it can be predicted that Sermo dam is strong enough to resist an earthquake with a maximum magnitude of 8.4 Mw and minimum epicentre distance of 167.7 Km caused by the Java subduction. Fig. 8 . Horizontal, vertical, and total displacements in the core zone based on five scenario loads (a), PGA profile in the core zone based on four earthquake scenarios (b).
Conclusions
A stability evaluation of Sermo dam, Yogyakarta, was performed in this study. The purpose of this evaluation was to determine the stability performance and PGA values of this structure against seismic load scenarios. The evaluation was performed by considering four different earthquake scenarios caused by the Java subduction megathrust source with magnitudes of 7.9 to 8.4 Mw and epicentre distances of 167.7 to 394 Km. Based on the total displacement results calculated using four earthquake scenarios and the results calculated for the original dam condition without earthquake loads, it seems that all of the results of the displacement analysis are almost equal. The maximum PGA value investigated in the core zone of the dam is 0.0001 g. Based on these two pieces of information, Sermo dam is predicted to be strong enough to resist an earthquake caused by Java subduction megathrust earthquake with a maximum magnitude of 8. 4 Mw and minimum epicentre distance of approximately 160 Km. 
